Optical fibers with attenuations much lower than those attainable in present-day silicate waveguides are possible in theory if mid-infrared operating wavelengths are used. The loss mechanisms, materials, and problems inherent in obtaining such fibers are discussed. Among several candidates, heavy metal fluoride glasses are suggested as being must suited to low and moderate loss fiber applications in the 2-5 micrometer spectral region.
INTRODUCTION
Schematic illustration of the three intrinsic loss-inducing mechanisms which govern the total attenuation observed in a transparent solid or optical fiber.
Absorption due to electronic transitions, which is strongest in the ultraviolet for many materials, decreases rapidly with increasing wavelength. Small localized fluctuations in the refractive index of the material lead to Rayleigh scattering of light. The intensity of this effect decreases with the reciprocal fourth power of the wavelength. At very long wavelengths, vibrations of the atoms in the material's structural framework or "lattice" lead to high absorption. Combinations and overtones of these fundamental vibrations give rise to the infrared vibrational or "multiphonon" edge, whose intensity decreases with decreasing wavelength. The conjunction of these three factors leads to an overall attenuation curve which exhibits a "vee" shape.
The wavelength of minimum attenuation is governed by the slopes and separation of the three loss-inducing mechanisms which in turn are a function of materials properties.
3.6.2
The wavelength of minimum attenuation is governed by the slopes and separation of the parts of the curve due to the three loss-inducing mechanisms, which in turn depend on the composition of the material. Fig. 2 , which summarizes data taken from a variety of sources (3) (4) (5) (6) (7) (8) (9) (10) .
The theoretical "vee" curves for heavy metal fluoride glasses, chalcogenide glasses such as arsenic trisulphide, and thallium bromoiodide (KRS-5) crystals (all shown as dashed lines in the bottom of Fig. 2 ) suggest that losses of 0.01 to 0.001 dB/km could in principle be obtained in the 3 to 7 micrometer region (4, 5, 9) . Only with silicate glasses, however, have fibers with experimental attenuations (solid line) near the theoretical limit of about 0.2 dB/km been prepared (9) . This is due in part to the availibility of chemical vapor deposition techniques for silicate fibers, which allow preparation of very high purity glass by precipitation and sintering of silicate "soots" from gas phase reactions. Data obtained from bulk silica glass show the fundamental vibrational absorption in the 8-15 micrometer region decreasing rapidly along the infrared edge to meet with fiber data at shorter wavelengths (10) .
The best heavy metal fluoride fibers, prepared by workers at the U.S. Naval Research Laboratory, have losses of 4 dB/km near 2.5 micrometers.
In the example shown in Fig.  2 (dashed line), a minimum attenuation of 8.5 dB/km was observed (7) . The disparity between these results and the theoretical prediction is due to extrinsic absorptions from transition metal, rare earth and hydroxyl impurities in the starting materials, and to non-Rayleigh scattering from crystallites and other defects. As was the Case with silicates, the infrared edge data (8) suggests that improvements could be made through materials purification. Despite the presence of hydrogen impurities, arsenic trisulphide chalcogenide glass fibers with losses of about 35 dB/km near 2.4 micrometers have been fabricated (dotted line); their long wavelength behavior shows good agreement with theory. It has recently been suggested, however, that a weak intrinsic electronic absorption tail which extends into the infrared may limit the minimum attainable attenuation in chalcogenide fibers to about 10 dB/km (6) Above them, experimental data for fibers and bulk glasses are shown. These data represent the "best" values reported in the literature for a given material as of June, 1985 . With the exception of silica-based fibers, the loss levels in all the materials are far above the intrinsic limit. In large part, this is due to the presence of extrinsic impurities and non-Rayleigh scattering effects. 3.6.4 transmission; their range of transparency, however, exceeds that of the other candidates.
It is clear from Fig. 2 
